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ABSTRACT 

The U.S. Environmental Protection Agency (EPA) and 
the U.S. Centers for Disease Control (CDC) are concerned about the 
increased risk of developing lung cancer faced by persons exposed to 
above-average levels of radon in their homes. The purpose of this 
pamphlet is to help readers to understand the radon problem and 
decide if they need to take action to reduce radon levels m their 
homes. Topics discussed include- ,1) vjhat radon is; (2) why radon is 
a problem; (3) how radon gets into a home; (4) how to detect radon; 
(5) evaluating radon risk; (5) hew to take action; and (7) how to 
reduce radon risk. (CW) 
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The U.S. Environmental Protection Agency and (he U.S 
Centers for Disease Control are concerned about the 
increased risk of developing lung cancer faced by persons 
exposed to above-average levels of radon in their homes. 
This pamphlet is a joint effort by EPA and CDC. Its 
purpose is to help readers to understand the radon 
problem and decide if they need to take action to leduce 
radon levels in their homes. 



For Sale by the Super ir^tendent of Documents 
U.S. Government Printing Office 
Washington. D.C. 2040? 



The U S. Environmental Prole(.lion Agency and the U S Centers for 
Disease Control strive to provide accurate, complete. <ind useful 
information- However, neither the agencies, nor other persons 
contributing to or assisting in the preparation of this booklet — nor any 
person acting on the behalf of any oi these parties makes any warranty, 
guarantee, or representation (express or impliod) with respect to the 
O ^ usefulness or effecti»reness of any information, method, or process 

jj^R disclosed in this material or assumes any liability for the use of- or for 

LiJ i ia ii J i Siar ii jj i j damages arising from the use of— any information, method, or process 

disclosed in this material. 



What is radon? 



Radon is a radioactive gas which occurs in nature. You 
cannot see it, smell it, or taste it. 

Where does radon come from? 

Radon comes from the natural breakdown (radioactive 
decay) of uranium. Radon can be found in hi<^h 
concentrations in soils and rocks containing uranium, 
granite, shale, phosphate, and pit(,hhlende. Radon may 
also be found in soils contaniinaletl with certain t\pes of 
industrial wastes, su(.h as the byproducts from uraiiium or 
phosphate mining. 

In outdoor air» radon is diluted to such low 
concentrations that it is usuallx nothing to worry about. 
However, once inside an enclosed space (such as a home) 
radon can accumulate. Indoor levels depend both on a 
building's construction and the concentration of radon in 
the underlying soil. 

How does radon affect me? 

The only known health effect associated with exposure to 
elevated levels of radon is an increased risk of developing 
lung cancer. Not everyone exposed to ele\ated levels of 
radon will develop lung cancer, and the time between 
exposure and the onset of the disease may be many vears. 

Scientists estimate that from about 5,000 to about 20,000 
lung cancer deaths a year in the United States may be 
attributed to radon. {The American Cancer Society expects 
that -ibout 130,000 people will die of lung cancer in 1986. 
The Surgeon General attributes around 85 percent of all 
lung cancer deaths to smoking.) 

Your iisk of developing lung cancer from exposure to 
radon depends upon the (,oncentrati()n uf radon and the 
length of time you are exposed. Kxposure to a slighMy 
elevated radon level for a long tmie ma> present a gi»>:ater 
risk of developing lung cancer than exposun^ to a 
significantly elevated levjl for a short tmie in gencTal. 
your risk increas»;s as th(^ lev(;l of radon and the length of 
exposure increase. 



How certain are scientists of the risks? 



With exposure to radoiK as with other pollutdiits. there is 
some uncertainty about the amount of health risk. Radon 
risk estimates are based on scientific studies of miners 
exposed to varying levels of radon in their work 
underground. Consequently, scientists are considerably 
more certain of the risk estimates for radon than tlu;\ are 
of those risk estimates which relv solely on studies of 
animals. 

To account for the uncertainty in the risk estimates for 
radon, scientists generah\ express the risks associated 
with exposure to a particulai level as a range of numbers 
(The risk estimates given m this booklet are based on th(; 
advice of EPA's S(,ience Ad\isor\ Board, an independent 
group of scientists established to dih ise LPA on \ar»ous 
scientific matters.) 

Despite .^ome uncertainty in the risk estimates for radon, 
it is widely believed that the greater your exposure to 
radon, the greater your risk of developing lung cancer. 

How does radon cause lung cancer? 

Radon, itself, naturally breaks down and forms radioactive 
decay products. As you breathe, the radon decay products 
can become trapped in your lungs As these decay 
products break down further, they release small bursts of 
energy which can damage lung tissue and lead to lung 
cancer. 




When did radon become a problem? 



Radon has always been present in the air. Concern about 
elevated indoor concentrations first arose in the late 1960*s 
when homes were found in the West that had been built 
with materials contaminated by waste from uranium 
mines. Since then, cases of high indoor radon levels 
resulting from industrial activities have been found in 
many parts of thf- country. We have only recently become 
aware, however, that houses in v^arious parts of the U.S. 
may have high indoor radon levels caused by natural 
deposits of uranium in the soil on which Ihey are built. 

Does every home have a problem? 

Nc, most houses in this country are not likely to have a 
radon problem; but relatively few houses do have highly 
elevated levels. The dilemma is that, right now. no one 
knows which houses have a problem and which do not. 
You may wish to call your state radiation protection office 
to find out if any high levels have been discos red in your 
area. 

Many states, as weli as the federal government, are 
sponsoring work to identify areas of the country which are 
^ikely to have indoor radon problems. However, early 
results from this work are inconclusive. If you are 
concerned that you may have an indoor radon problem, 
you should consider having your home tested. 
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How does radon get into a home? 

Radon is a gas which can move through small spaces in 
the soil and rock on which a house is built. Radon can 
seep into a home through dirt floors, cracks in concrete 
floors and walls, floor drains, sumps, joints, and tiny 
cracks or pores in hollow-block Vv^alls. 

Radon also can enter water within private wells and be 
released into a home when the water is used. Usually, 
radon is not a problem with large community water 
supplies, where it would likely be released into the 
outside air before the water reaches J hoi^*c. (For more 
information concerning radon in water, contact your 
state's radiation protection office.) 

In some unusual situations, radon m^y be released from 
the materials used in the construction of a heme. For 
example, this may be a problem if a house has a large 
stone fireplace or has a solar heating system in which heat 
is stored in large beds of stone. In general, however, 
building materials are not a major source of indoor radon. 



Comnnon Radon Entry Points 



^ Water Supply 

1^ 




How is radon detected? 



Since you cannot see or smell radon, special equipment is 
needed to detect it. The two most popular, 
commercially-available radon detectors are the charcoal 
canister and the alpha track detector. Both of these devices 
are exposed to the air in your home for a specified period 
of time and sent to a laboratory for analysis. 



Alpha Track Detectors 

Minimum Test Period: 2 to 4 weeks 
Approximate Cost: $20 to $50 for one 
detector; discounts for multiple detectors 



There are other techniques — requiring operation by 
trained personnel — which can be used to measure radon 
levels, but such techniques may be more expensive than 
the devices shown above. 

Your measurement result will be reported to you in one 
of two ways. Results from devices which measure radon 
decay products are reported as ''Working Levels'* (WL). 
Results from devices which measure concentrations of 
radon gas are reported as "picocuries per liter** (pCi/1). 




Charcoal Canisters 

Test Period: 3 to 7 days 

Approximate Cost: $10 to $25 for one canister 
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How can I get a radon detector? 



Homeowners in some areas are being provided with 
detectors by their state or local government. In many aruas. 
private firms offer radon testing. Your state radiation 
protection office may be able to provide you with 
information on the availability of detection devices or 
services. 

The U.S. Environmental Protection Agency conducts a 
Radon Measurement Proficiency Program. This voluntary 
program allows laboratories and businesses to demonstrate 
their capabilities in measuring indoor radon. The names of 
firms participating in this program can be obtained from 
your state radiation protection office or from your EPA 
regional office. 

How should radon detectors be used? 

Obtaining a ui:?ful estimate of the radon level in your 
home may require that several detectors be used to make 
measurements in different areas. Following the steps 
below should provide the information needed as you 
decide whether or not further action is advisable, (in 
making radon measurements, you should be sure to follow 
the instrut.tions of the manufacturer as to the proper 
exposure period for the particular device you are using.) 

Step One: The screening measurement 

The first step you should take is to have a short-term 
''screening" measurement made to give you an idea of the 
highest radon level in your home. Thus, you can find out 
quickly ai.d inexpensively whether or not you ha'^e a 
potential radon pro!>!em. 

The screening measurement should be made in the 
lowest livable area of your home (the basement, if you 
have one). Ail windows and doors should he closed for at 
least 12 hours prior to the start of the t(jst. and kept closed 
as much as possible throughout the testing period. This is 
necessary to keep the radon level relatively (.onstaut 
throughout the testing period. Because of tlie need to keep 
the windows closed as much as possibhj. we recomnuMid 
that you make short-ttrm radon Kieasuremenis during the 
cool months of the year. 



step Two: DcttJrniining tho lujod for further nuMsiiremonts 

In most cases, tho scruuning iiuiiKsurcjiiuMit is not a 
rehable niensiiro of the uvcro^ci radon Ivxd to \vhi(.n you 
and your family arc exposed. Sin(.e radon levels uni vary 
greatly from season to season as well as from room to 
room, the screening measurement onl\ serves Uj indic.ate 
the potential for a radon probhjm. Depending upon the 
result of your screening measurement, you may !ieetl to 
have follow-up measunjments ::iad(j to givcj you a Ixitter 
idea of the av(»rage radon levcjl m your home. 

The following guidance? may h(» useful to you in 
determining the urgency of your necjd for follow-up 
measurements. 

If your screening measunMnent njsult is greater than 
about 1.0 WL or greater than about 200 pCi/l. you should 
perform follow-up measunjnumis as soou as pcjssibhj. 
Expose the detectors for no nujnj than one wecik. Doors 
and windows should be (.hjsed as nuK.h as pcjssible during 
testing. You should also consider taking a(.ti(jns (see page 
13) to immediatcdy n;(lu(,(; th(; radtjn hncls in your home. 

If your screening measuiement rcjsuU is about 0.1 WL to 
about 1.0 WL or about 20 pCi/l to about 200 pCi/L perform 
follow-up nuMsurenjonts. Kxpose dete(.tors f(jr n(j nujre 
than three months. Doors and windcjus slujuld he dasinl 
as much as possibh; during testing. 

If your screening measurement result is abocsi 0.02 WL 
to about 0.1 WL or about 4 pCi/l to about 20 pCi/L 
perform follow-up measurements. Lxpose; (lete(.t(jrs f(jr one 
yciar. or make measurements of no nujre than iuu) week 
duration during ea<,h of the i(jui .reasons. 

If your s( n»ening nujasnrement lesull is less than about 
0.02 WL or less than about 4 pCi/L fcjllow-up 
nuMsurements ai(» pr(j|jaljl\ not reciuircd. It the screening 
measurement uas m<i(le with the house (doscul up prior to 
and (luring the testing jx'riod. thiTc is rehitiveU little 
( lumi e that tlu? ladon ( (jiu entialum in \cjur home will lje 
great( r tluin 0 02 WL or 4 pci I as an aniuhil <i\eiMge. 



Step Three. Tluj follow-up nuMsiinMucMit 

Kollou'-iip nKjasiinMncnls will proxido voii with a 
rei«iliv(»l\ good ostiinalr of {\w <i\(»r 'i^c ladon cuiux'nlnilion 
to \vhi(.h you and your faiuily arc (»\|)cjM'(i. We stningly 
recommend that you make follow-up measuremi its 
before you make any final decisions about whether to 
undertake major efforts to permanently correct the 
problem. 

Follow-up measurenuMi* should be made, in ,\\ Ums! two 
lived-in aroas of your honu;. If your home has livod-in 
areas on more than one floor, you should make 
measurements in a room on each of the floors. \n example 
is to take a medsurement in the li\ing room on the first 
floor and another in a se(.ond-flo()r bedroom. The results 
of the follow-up mecisuremenls should b(» a\erag(;(l 
togetlujr 

What do my test results mean? 

The results oi \our follow-up measun;ments pro\nle \ou 
with ai*. idea of th(! a\erage (,on(,entration Ihrought ul your 
home. The ac.lual risk vou fa(.e de|)en(is upon the amount 
of (line you art; expo.sed to this (.one enlralion 

The figur(\s on tlie fa( uig page illuslMIe the number of 
lung cancer dtMths, out of a group of 100 jx^opte. that 
s(.ii»ntists would attribute to exposure to s|)(»( ifi(. Ie\(;ls of 
indoor rath)n. Th(j first three figur(»s assume (hat these 100 
individuals spent 7.^) pen en I of their tune m the dutjiling 
for 70 vears. Thr numbers b(»low eat h pK ture nuii(.ate 
what s(.ii»n!ists (,onsi(ler lo be a reasonable range of 
estnnates of lung ( ant.ei deaths that could ln» attributed to 
the radon exposur(^ This js in addition to t!ie number of 
lung c.an(.(jr deaths attributed to other lau.ses. (On average, 
about four people out of a hundred die of lung (.<.n(.er 
from all (.auses (.ombined.) The pn tures repre.sent the 
mi(ip(jint of the rar;^^..^. 



Lung Cancer Deaths 
Associated With Exposure 
To Various Radon Levels 
Over 70 Years 
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Between 14 and 42 out of 100 



Another way to think about the risk associated with 
radon exposure is to compare it with the risk from other 
activities. The chart below gives an idea of how exposure 
to various radon leve. : over a hfetime compares to the risk 
of developing lung cancer from smoking and from chest 
x-rays. The chart also compares these levels to the average 
indoor and outdoor radon concentrations. 

As you look at the chart, be sure to use the proper 
radon-level column for your results (either WL or pCi'l). 



Radon Risk Evaluation Chart 



pCi/l 


WL 


Estimaied number of 
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flue to raaon exposure 
(ou: o' 1000' 
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exposure levels 




Comparable 
risk 


200 


1 


440—770 


1000 times 
average outdoor^ 
level " 

100 times 
average indoor 4 
level 




. More than 60 times 
^ non-smoker risK 


100 
40 


0.5 
02 


270—630 
1 20—380 


^^^^ 


k 4 pac..-a-day 
^ smoker 

^ 20,000 chest 
x-rays per year 


20 


0 1 


60—210 


100 times 
average outdoor^ 
level 4 


*^ 2 pack-a-day 
' ' smoker 


10 
4 


0 05 
0 0" 


30—120 
13-50 


10 times average 
indoor level 4 


^ 1 pack-a-day 
smoker 

^ 5 times 

non-smoker risk 


2 


0.01 


7—30 


10 times 

average outdoor^ 
level 1 


► 200 chest x-roys 
per year 


1 


0 005 


3—13 


Average mdoor . 
level 4 


k Non-smoker 
^ risk of dying 
from lung cancer 


0.2 


0 001 


1—3 


Average outdoor 
level i 




^20 chest x-rays 
per year 
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How quickly should i take action? 

In considering whether and how quickly to take action 
based on your test results, you may find the fillowing 
guidelines useful. EPA beliexcs that you should try to 
permanently reduce your radon levels as much as 
possible. Based on currently available information. EPA 
believes that levels in most homes can be reduced to about 
0.02 WL (4 pCi/l). 

If your results are about 1.0 WL or higher, or about 200 
pCi/I or higher: 

Exposures in this range are among the highest observed 
in homes. Residents should undertake action to reduce 
levels as far below 1 0 WL (200 pCi'l) as possible. We 
recommend that you take action within several weeks. 
If this is not possible, you should determine, in 
consultation with appropriate state or local health or 
radiation protection officials, if temporary relocation is 
appropriate until the levels can be reduced. 

If your results are about 0,1 to about 1,0 WL, or about 20 
to about 200 pCi/1: 

Exposures in this range are considered greatly above 
average for residential structures. You should undertake 
action to reduce levels as far below 0.1 WL (20 pCi/1) as 
possible. U^e recommend that vou take action within 
several months. 

If your results are about 0,02 to about 0,1 W5>, or about 
4 pCi/1 to about 20 pCi/1: 

Exposures in this range are considered above average for 
residential structures. You should undertake action to 
lower levels to about 0.02 WL (4 pCi/l) or below. We 
recommend that you take action within a few years, 
sooner if levels are at the upper end of this range. 

If your results are about 0.02 WL or lower, or about 4 
pCi/1 or lower: 

Fixposures in this range are consid(3red average or slightly 
above average for residential structures. Although 
exposures in this range do present some risk of lung 
cancer, reductions of levels this low may be difficult, and 
sometimes impossible, to achieve. 

Remember: There i,s increasing irgency for action at 
higher concentrations of radon. Ine higher the radon level 
in your home, the faster you should take action to reduce 
your exposure. If you find elevated radon concentrations 
in your home, you should take the relatively easy, 
O short-term actions described on page 13. 
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Are there other factors i should consider? 



Most of the risk information given in this pamphlet, as 
well as the recommendations for taking corrective action, 
are based on the general case. Your individual living 
patterns could influence your assessment of your risk and 
your decisions about the need for further action. Your 
answers to the following questions ina\ help \ou evaluate 
your personal risk. 

• Does anyone smoke in your home? Scientific evidence 
indicates that smoking may incrct^se the risk of exposure 
to radon. In addition, smoking significantly increases your 
overall risk of lung cancer. 

• Do you have children living at home? Although there 
are no studies of children exposed to radon to determine 
whether they are more sensitive than adults, some 
scientific studies of other types of radiation exposure 
indicate that children may be more sensitive. 
Consequently, children could be more at risk than adults 
from exposure to radon. 

• How much time does any family member spend at 
home? The risk estimates given in this pamphlet assume 
that 75 percent of a person's time is spent at home. If you 
or your family spend more oi less time at home, you 
should take this into consideration. 

• Does anyone sleep in your basement? Since radon 
concentrations tend to be greater on the lower levels of a 
home, a person wno sleeps in the basement is likely to 
face a greater risk than a person who sleeps in a 
second-fl' bedroom. 

• Kow long will you live in your home? The risk 
estimates in this booklet are based on the assumption 
that you will be exposed to the radon level fcnind in your 
home for roughly 70 years. As you evaluate your potential 
risk, therefore, you might consider the total amount of 
time you expect to live in \our h(iino. Hut remember, other 
houses you have Vwvd in — or will live in — ma\ have the 
same or higher radcn levels 
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How can I reduce my r5s?c from redon? 

Your risk of lung tancer from exnosun) to radoh depends 
upOii ;he amount of radon entering youi huine and the 
length of time it remains in your living areas. Listed 
below are some actitiis you might take to immediately 
reduce your risk from lador. These acUors can be done 
quickly and with minimum expen^'^ in most cases. 

• Stop smoking and dis':oarage smoking in your home. By 
doing so. you should rer!uce your family's overall chance 
of developing ' ng cancer, as well as reducing your 
family's risk from radon exposure. 

• Spend less time in areis with higher concentrations of 
radon, such as the baspirent. 

• Whenever practical, open all windows and turn on fans 
to increase the air flow into and through the house. This is 
especially important in the basement. 

• If your home has a era .! space beneaih. keep the 
crawl-space vents on all sides of the house fully open aU 
year. 

While :he above actions will help reduce your risk from 
radon, they gs?nercilly d j not offer a long-term solution. 
You can find iicre information about permanent, 
cost-effective solutions to a radon problem in the EPA 
publication, Rudon R*,duction .Methods. A Homeowner's 
Guide. A copy of this booklet may be obtained from your 
state radiation protection office or from your EPA regional 
office. 

Before undertaking major modifications to your home, 
we recommend that you consult with your state radiation 
protection office to obtain whatever specific advice or 
assistance they may be able *o provide for your particular 
situation. 



Sources of Information 



If you would like further information or 
explanation on any of the points mentioned in this 
booklet, you should contact your state radiation 
protection office. 

If you have difficulty locating this office, you 
may call your KPA regional office listed below. 
They will be happy to provide you with the name, 
address, and telephone number for yo.»r 
approp'^'ate state contact. 



State— EPA 

Alabama — ^ 
Alaska— 10 
Arizona ~9 
Arkansas — 6 
California — 9 
Colorado — B 
Connecticut — 1 
Delaware — 3 
District of 

Columbia — 3 
Florida— 4 
Georgia— 4 
Hawaii — 9 



Region 

Idaho— 10 
Illinois — 5 
Indiana — 5 
Iowa — 7 
Kansas — 7 
Kentucky — 4 
Louisiana — 5 
Maine — 1 
Maryland — 3 
Massachusetts — 1 
Michigan — 5 
Minnesota — 5 
Mississippi — 4 



Missouri — 7 
Montana — 8 
Nebraska — 7 
Nevada — 9 
New Hampshire — 1 
New Jersey — 2 
New Mexico— 6 
New York— 2 
North Carolina — 4 
North Dakota— 8 
Ohio— 5 
Oklahoma — 6 
Oregon — 10 



Pennsylvania — 3 
Rhode loland — 1 
South Carolina— 4 
South Dakota— 8 
Tennessee — 4 
Texas — 6 
Utah— 8 
Vermont — 1 
Virginia — 3 
Washington — 10 
West Virginia— 3 
Wisconsin — 5 
Wyoming — 8 



EPA Regional Offices 



EPA Region 1 

Room 2203 
JFK Fnderdl Building 
Boston. MA 02203 
(617) 723-4845 

EPA Region 2 

26 Foder<il P\<ui\ 
Now York, NY 10278 
(212) 264-2515 

EPA Region 3 
841 Chnslnul Slrwl 
Philadelphia. PA 1910 
(215) 507-8320 



EPA Region 4 

345 CourMand Sired. NF 
All<inl<i. GA 3()3():) 
(404) 881-377() 

EPA Region 5 
230 South D(Mrl)'>rn Street 
C:hi(ngo, IL 60004 
(312) 353-2205 




EPA Region 6 
1201 Fim Sfreel 
Dallas. rX 75270 
/ (214) 767-2()U) 

EPA Region 7 

726 Minnesota Aveiuir 
^.an<^.is Citv, KS 66101 
(oFJ) 236-2803 



EPA Region 8 
Suite 1300 
Oiu' [)(»nv(jr Fla( e 
[m 18lh Streot 
Denver. CXj ^uiv^ji 
(303) 283-1710 

EPA Region 9 
215 Fremont Street 
San FraiHJhU). CA 04105 
(415) 974-8076 

EPA Region 10 
1200 Sixth Avenue 
Seattle. WA 98101 
(206) 442-7660 



